The exchange interactions allow the magnetic moments in a solid to communicate with each other and lie at the heart of the phenomenon of long range magnetic order [1] . In the early days of quantum mechanics, the Heisenberg exchange interaction was recognized to determine the types of magnetic ground state. It can be shown as a relatively simple form J 12 S 1 •S 2 , where J 12 is the exchange constant, S 1 and S 2 are the total spin of two nearby atoms. The sign of J 12 (positive or negative) determines the coupling modes of S 1 and S 2 (ferromagnetic or antiferromagnetic).
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However, in reality, the spin-orbit coupling (SOC) will also exert influence on the exchange interactions. On one hand, it connects the magnetization direction to the crystal lattice, and the resulting variation of magnetic energy is referred to as magnetic anisotropy. On the other hand, in the magnetic systems that lack inversion symmetry (whether due to underlying crystal structure or interfaces), SOC can combine with the exchange interaction to generate an anisotropic exchange interaction that favors a chiral arrangement of the magnetization [2, 3] . This is known as the Dzyaloshinskii-Moriya interaction (DMI), which has a form D 12 •(S 1 ×S 2 ). The vector D 12 depends on the details of electron wave functions and lies parallel or perpendicular to the line connecting the two spins, depending on the symmetry and the precise crystalline structure. Contrary to the Heisenberg exchange interaction, which leads to collinear alignment of lattice spins, the form of DMI is therefore very often to cant the spins by a small angle. If DMI is sufficiently strong enough to compete with the Heisenberg exchange interaction and the magnetic anisotropy, it can stabilize long-range magnetic bubble domains such as skyrmion. When a conduction electron passes through a magnetic bubble domain, the spin of the conduction electron adiabatically couples to the local spin and experience a fictitious magnetic field (Berry curvature) in real space, which deflects the conduction electrons perpendicular to the current direction. Therefore, it will cause an additional contribution to the observed Hall signals that has been termed topological Hall effect (THE) [4, 5] . THE can be described by the same theoretical scheme as the intrinsic anomalous Hall effect (AHE), which has been clarified to be a Berry phase in momentum space [6] .
The recently reported THE in the bulk non-centrosymmetric crystalline structure in B20-type magnets including MnSi, MnGe and FeGe have demonstrated its promising tool for probing DMI [7, 8] . Besides the bulk-type DMI, recent extensive experiments have been focused on the interfacial-type DMI in heavy metal/ferromagnet (HM/FM) bi-and multilayers due to the inherent tunability of magnetic interactions in two dimensions [9] [10] [11] [12] [13] . To induce a much larger DMI at the interfaces, Moreau-Luchaire et al. have designed the Co-based multilayered thin films in which the Co layer is sandwiched between Ir and Pt layers, which will lead to additive interfacial chiral interactions that increase the effective DMI of the magnetic layer since the two HMs induce interfacial chiral interactions of opposite symmetries and parallel D 12 [9] . By harnessing the large 3 and opposite signs of DMI generated from Fe/Ir and Co/Pt interfaces, Soumyanarayanan et bilayers as compared with that in other films. The AHE contribution A  can be expressed as [6] :
where  xx is the residual resistivity induced by impurity scattering,  xx the longitudinal resistivity, M the magnetization, and b the intrinsic anomalous Hall conductivity. The first term is the extrinsic contribution from both the side jump and skew scattering. Therefore, to extract the THE term T  , the magnetoresistance (MR) and magnetization in the whole temperature range should be firstly investigated.
The temperature dependences of the longitudinal resistivity  xx in all the films show metallic behavior [17] . MR is expressed as in this case, the electron energy will be modified by the orbital magnetic moment and the electron velocity gains an extra velocity term proportional to the Berry curvature in real space [18] . At the high field limit, i.e., c ω τ 1, where c ω is the cyclotron frequency and τ is the relaxation time, the total current in the crossed electric and magnetic fields is the Hall current, suggesting that even in the presence of AHE, the high-field Hall current gives the "real" electron density. It can explain the larger THE signals appearing between zero field and the coercivities. On the contrary, at the low field limit, i.e., c ω τ 1, the Berry phase will induce a linear MR as consistent with the inflection in the raw H  data shown in Fig. 2 , and the profile has a characteristic hump shape: weak at low field due to the random distribution of magnetic bubble domains, with a peak at higher field due to its proliferation. It is assumed to be a unique signature of THE, and the temperature dependences of the largest T  in all the bilayers have been shown in Figs. 5(e) and (f). Larger signals have been found for the bilayers with thick HM layers, which can be ascribed to their larger coverage on the MnGa grains and more effective SOC. More significantly, THE is evident in the whole temperature range from 5 to 300 K, which is much different from that in B20-type bulk chiral magnets subjecting to low temperature and large magnetic field [7, 8] . B values of MnGa/Ta (5 nm) in the whole temperature are all much larger than the bulk-type DMI derived fictitious magnetic field under low temperature and large field [7, 8] .
The fundamental reasons that underlie the interfacial DMI have been addressed in the magnetic systems lacking inversion symmetry. However, in our experiment, the lack of inversion symmetry is proved to be not the major reason for the interfacial DMI in the MnGa/Ta and MnGa/Pt films, which is mainly ascribed to the strong SOC. Furthermore, it should be noted that Hund's first rule with a tendency similar to their magnetic moments in either the unsupported 3d monolayers or 3d-5d interfaces [20] . The driving force is the 3d orbital occupations and their spin-flip mixing processes with the spin-orbit active 5d states control directly the sign and magnitude of DMI. A largest absolute DMI value is obtained in Mn/5d films, indicating that DMI does depend critically not only on SOC and the lack of the inversion symmetry, but also on the d wave function hybridization of the 3d-5d interface. Therefore, in addition to SOC, the Hund's 7 exchange and crystal-field splitting of d orbitals should also be considered in the origin of DMI.
Based on this scenario, to some extent, the large THE in the MnGa/Pt and MnGa/Ta films can be partly ascribed to the degree of hybridization between Mn/Pt and Mn/Ta states around the Fermi level. Mn has five filled 3d orbitals with all spin up states, where the spin-up (spin-down) channels are totally occupied (unoccupied), so that all the possible transitions between these states will contribute to DMI. It should be noted that the suitable design of MnGa films will decrease the D c and make the DMI energy more prominent in the total magnetic energies [21, 22] . In our previous works, we have investigated the spin orbit torque (SOT) in the MnGa/HMs films [14, 15] , in which the MnGa layer is continuous film (R q =0.4 nm) and the D c is calculated to be ~1.11e-3 Jm -2 [17] .
However, we have not found THE in these films though the value of D c is very close to that in Sample C as shown in TABLE I . It seems that the grain structures will promote the formation of THE, which needs further investigated. On the other hand, if the DMI strength does not depend on the surface properties of MnGa/HMs, the value of D would be around 1.08e-3 Jm -2 since a weak THE emerged in Sample C/Pt (5 nm) bilayers [17] . We have also investigated the SOT in MnGa/Pt (5 nm) bilayers based on the three samples. The SOT only happened in the Sample C/Pt bilayers [17] , but the magnetization has not been fully switched. The SOT driven magnetization switching is supposed to be subdued for grain films, though the nominal domain wall width = AK  is almost the same for Sample B and C, the domain wall motion will be strongly influenced by the grain structures. Furthermore, we roughly determined the same value of A for the three samples, which actually will change due to the structural disorders of the MnGa films [23] . Based on a simple assumption in the Stoner model for itinerant ferromagnetism, the smaller saturation magnetization in Sample B and C can be an index of the weak exchange interaction [24] . Totally speaking, the role of DMI in SOT driven magnetization switching and THE based on MnGa films should be further and MnGa/Ta (t) (t=2, 5nm) films in the temperature range from 5 to 300 K. 
